Fluorescence and X-ray absorption spectroscopy were used to investigate the anion binding properties of a luminescent, dinuclear Au 
Introduction
For many years the attractive (aurophilic) interaction between closed shell Au(I) centres has received considerable interest from the scientific community. Au(I) compounds, and they have been deliberately employed in the synthesis of polynuclear Au(I) complexes. 3 In addition to the influence of aurophilicity on the structural chemistry of Au(I), this phenomena is commonly associated with intriguing photophysical properties, such as luminescence emission with 30 large Stoke's shifts. 4 The luminescent properties associated with dinuclear Au(I) systems has made them an important family of luminescent metal complexes. 
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A series of dinuclear Au(I) N-heterocyclic carbene (NHC) complexes, in which the two Au(I) ions are supported by bridging cyclophane ligands (for example, [1] 2+ - [3] 2+ , Chart 1) have been previously described. 6, 7 These compounds show potential as luminescent probes, and the intracellular distribution of [1] 2+ (as a 40 bromide salt) has been mapped inside live cancer cells by confocal fluorescence microscopy. 7 Structural studies showed that the cyclophane ligand framework allows the Au(I)•••Au(I) distance to be precisely modulated. For example cations [1] 2+ and [2] respectively, (< 3.4 Å -suggestive of an aurophilic interaction), and both complexes exhibited intense solution luminescent behaviour. In contrast, complex [3] 2+ displayed a longer Au(I)•••Au(I) distance (3.76 Å) and was not luminescent. In these studies, a qualitative relationship was also demonstrated between the emission profile and the Au(I)•••Au(I) distance, e.g. with shorter Au(I)•••Au(I) distance associated with red-shift in emission energy. 5 It was previously noted that the emissive behaviour of [1] 2+ is significantly influenced by the chosen solvent, and on the nature of the counter anions. 7 Other groups have demonstrated that the influence of 'outer sphere ligands' e.g. solvent or the counterion, can significantly influence the fluorescence emissive behaviour 10 of complexes with short Au(I)•••Au(I) contacts, [8] [9] [10] [11] [12] leading to fascinating solvochromic, vapochromic and anion-dependent behaviour. 12, 13 Results obtained by Che and co-workers show that the metal-centred emission from the the excited state of dinuclear Au(I) complexes with bridging phosphine ligands 15 occurs in the UV region, 9, 14 and that this emission is red-shifted for exciplexes formed by the associated of weakly coordinating counterion or solvent molecules to the Au(I) centres. 9, 11 These workers assigned the excitation of the dinuclear Au(I) complexes displaying aurophilic interactions to the 5dσ* → 6pσ transition, 20 producing the 3 [dσ*pσ] excited state. [8] [9] [10] [11] were studied for a series of dinuclear Au(I) complexes bearing diphenyl diphosphinomethane, µ-xantphos and µ-dpephos ligands, using EXAFS (extended X-ray absorption fine structure). 16 X-ray absorption spectroscopy (XAS) and EXAFS provides an excellent method for probing the coordination sphere 35 surrounding the close Au(I)•••Au(I) contacts in solution, and in this paper we present our results for a combined fluorescence and X-ray absorption spectroscopic investigation of the influence of bromide counter ions on the fluorescence emission spectra of the dinuclear Au(I)-NHC complex [ XAS experiments were performed at the Australian National Beamline Facility (ANBF), at beamline 20B at KEK, Photon Factory, Tsukuba, Japan. The beam was monochromated using a 70 Si(111) monochromator, and harmonic rejection was performed by detuning the monochromator to 50%. The storage ring delivered a current of 250-400 mA at 3.5 GeV. All samples were contained in a generic sample holder with a 10 mm x 1 mm x 1 mm sample chamber filled with the sample and supported with A beam size of 3 mm x 1 mm was used to collect spectra in fluorescence mode at the Au L 3 edge (11919 keV, L 3 2p 3/2 ) 17 over a k range of 0 -18 Å -1 , using Au foil as a standard against energy shifts in the monochromator. 17 A 36-element Ge detector was 90 used to record between 3 and 6 scans.
XFIT Data Analysis
Multiple-scattering (MS) analyses of EXAFS data were performed using the XFIT suite of programs, 18, 19 which uses a non-linear least squares fitting of the EXAFS spectrum, through 95 the minimisation of the sum of the square of the residuals. Model fitting calculations in XFIT were performed by the integration of the program FEFF6.01 which includes multiple scattering codes. 20, 21 The goodness of fit parameter R, and Monte Carlo calculations were performed as previously reported, 19, 20, 22, 23 and 100 as described in the supporting information. The resulting r.m.s errors, from Monte Carlo analysis, were combined with systematic errors to obtain a final error estimate. 22 All background subtraction, splining and normalisation procedures were performed using XFIT as reported previously. A window from 1 -16 Å -1 with a cosine edge function was applied to the EXAFS data. A window from 1.25 -4.0 Å -1 was applied to the Fourier transform, which filtered the majority of the atomic EXAFS which is difficult to model (between 0 -1.5 Å -1 ).
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EXAFS Model -Multiple Scattering (MS) Model
For the MS analysis of the EXAFS in the absence of any anions, a fragment of the core of the cation [1] 2+ was modelled, in three-dimensional space.
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The model included two imidazolylidene rings on either side of the absorbing Au shell, and a second Au shell, orthogonal to the plane of the two heterocyclic rings (Fig. 1) . The heterocyclic ring moieties were 5 restrained to stay planar with respect to each other, as well as in the plane of the absorbing Au shell, but allowed to move towards or away from each other, thereby varying the Au-carbene distance during the fit. The intramolecular Au•••Au distance was allowed to vary in the direction perpendicular to the plane of the 10 heterocyclic rings during the fit. A complete set of restraints and constraints for these models is contained in the Supporting Information (Table S1 ) where σ res is analogous to the estimated standard deviation. 
Results and Discussion
Consequences of anions on solution fluorescence behaviour
The emission spectrum (λ ex = 313 nm) for a solution of [1] (PF 6 ) 2 in DMSO (0.2 mM) is shown in Fig. 2 (a) (λ em = 396 nm). The excitation wavelength (λ ex = 313 nm) corresponds to an 30 absorption band in the UV-vis spectrum for [1]Br 2 . 7 As shown in Fig. 2 (b) , the addition of Br -(0 to 550 equivalents as tetrabutyl ammonium bromide) to the DMSO solution of [1] (PF 6 ) 2 results in a new emission band at 496 nm, with a concurrent decrease in the intensity of the band at 396 nm. An isosbestic point (*) is evident 35 at approximately 465 nm. These results are consistent with the concentration dependent formation of an association complex between the [1] 2+ cation and Br -ions in solution. Here the emission at 396 nm may be assigned to the unassociated cation, while the emission band centred at 496 nm arises from an 40 association complex, where Br-ions are bound to the Au(I) centres (Scheme 1).
Scheme 1 Equilibrium between the unbound cation [1] 2+ and the association complex [1] Br2 45 It has been previously shown that for a dinuclear Au(I) complex with phosphine ligands, soft anions (e.g I -), caused quenching of high energy emission (arising from the 3 [dσ*pσ] excited state), with a simultaneous formation of a lower energy emission band. 8 Similar results are apparent in this study, with the 50 high energy emission band (396 nm) decreasing in intensity as the Br -concentration is increased. Concomitant with this is the appearance of a low energy emission band (496 nm), which appears likely to arise from an association complex formed between [1] 2+ and Br -ions. This is the first such study of the 55 concentration-dependent equilibrium between Br -ions and a dinuclear fluorescent NHC complex, and such intriguinging results prompted us to investigate the structure of this association complex, using X-ray absorption spectroscopy. 
X-ray Absorption Spectroscopy
X-ray absorbtion spectra were recorded at the Au L 3 -edge for [1] 2+ in the presence and absence of Br -ions. Fig. 3 shows the Xray absorption near edge spectra (XANES) of [1] 
-associates directly with Au atoms, and the increase in effective electron density on the Au atoms causes a decrease in the X-ray energy required to eject a photoelectron from the core 5 that gives rise to the edge position. 
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EXAFS Analysis
To obtain structural information on the adduct formed between the cation [1] 2+ and Br -ions, the extended X-ray absorption fine structural (EXAFS) region of the XAS spectrum for [1] Consistent with the fluoresence studies (above), we envisaged that the Br -ion would bind to the Au(I) atom on the axis defined by the Au•••Au interaction, with a T-shaped geometry relative to the NHC donor groups, where the Br -ions would lie in the most 40 sterically unhindered position. Due to possible partial occupancy of the Br -position, resulting from the concentration-dependent equilibrium, the EXAFS data was most appropriately modelled using single scattering (SS) analysis. A summary of SS results is provided in Table 2 . A SS model based on two carbon (i.e. the carbenes) shells at 2.0 Å, and one gold shell at 3.0 Å was employed. The best fit for the EXAFS 55 data was obtained for SS model 4 ( Table 2 , R = 26.22 %). This model included two partially occupied bromine shells (starting occupancy = 0.5). The distances of these partially occupied bromine shells from the Au absorber were refined, with the initial values being 3.0 Å and 4.0 Å from the absorber, respectively. The 60 observed and calculated EXAFS, χ(k) × k 3 , the corresponding Fig. 7 . These results are consistent with the solution XAS studies, showing that Br -ions interact with the Au(I) atoms at two sites (~ 2.9 and 3.9 Å), both partially occupied. 25 Taken together the luminescence, XANES and EXAFS studied support the notion that the dinuclear complex [1] Here, coordination of an anion (which is electron donating and/or easily polariseable) to the Au(I) atoms, causes an increase in the nephalauxetic effect for the Au(I) atoms. The nephalauxetic effect is characterised by radial orbital expansion (already significant for Au(I) due to relativistic effects), 26 and a decrease in the 
Conclusion
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The concentration dependent changes in the emission spectra for the dinuclear complex [1] 2+ induced by the addition of Br -ions strongly indicates that an association complex is formed in solution. Consistent with previous reports on other dinuclear Au(I) complexes, the association complex is likely to arise as a 27 We reason that appropriately designed dinuclear Au(I) complexes 35 may be useful as cellular probes of Cl -ion concentration and this potential application is currently being explored in our laboratory. (4) yC(10) = yC (8) yC ( 
Determinacy
The number of parameters being fitted, p, compared to the number of independent information data points (independent points in the EXAFS plus the number of independent structural parameters), N i , was calculated to give the degree of determinacy N i /p. If this ratio is < 1, then the model is considered to be underdetermined and a unique fit is not possible. In all cases the ratio was > 1 and, hence, the models were overdetermined. The value of N i is given by:
where D is the number of dimensions in which the refinement takes place and N is the number of atoms in the unit. 
Goodness-of-Fit (Residual)
The method of determining the goodness of fit was through an R value where R is given by:
(2) where χ 2 is the quantity minimized during the refinement and χ 2 calculated=0 is the value of χ 2 when the calculated EXAFS is uniformly 0. 3 Residual R values of ≤ 20% were considered reasonable for MS models, and relatively high (>20%) values of R are explained by the exclusion of multiple-scattering contributions on the SS models. , where σ r and σ s represent contributions from the random and systematic errors, respectively. The random (statistical) errors due to noise in the data were estimated by Monte Carlo calculations, 3 and the systematic errors were assigned a conservative consensus value, 0.02 Å. 5 The following applies to tables of multiple scattering pathways presented in the supporting information:
a The number of legs represents the path travelled by the photoelectron originating from and returning to the XAFS absorber Au(0).
b The total distance travelled by the photoelectron (R eff ) is twice the value of R as .
c The importance factor (given to 2 d.p.), represents the percent contribution of a path relative to the strongest path Au(0) → C(1) → Au(0), including contribution from the Debye-Waller Factors. All pathways have a maximum of 5 legs per MS pathway, curve and plane wave filters of 3% and 2%, respectively, R eff ≤ 10 Å. (2) 
